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(57)Abstract: 

PURPOSE: To suppress electric resistance and thermal 
resistance small, and reduce layering cost. 
CONSTITUTION: Material is composed of two integrated 
type inclined carbon plates 30, 30 having thin and 
sealing property dense carbon layers 41 on one sides of 
fixed thickness porous carbon layers 40. Ribs R for the J( 
gas paths 2a, 2b thereof are formed on the other sides of 
the respective porous carbon layers 40 of the two 
inclined carbon plates 30, 30. The respective dense 
carbon layer 41 sides of one pair of rib R-formed inclined 
carbon plates 30, 30 are superimposed so as to form a 
separator 2 with ribs R. Since there is only one touching 
face, it is possible to suppress electric resistance and the 
like small, and to reduce layering cost. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the ribbed separator used for the phosphoric-acid form 
fuel cell of a laminated structure, and its manufacture approach. 

[°o° 2 ] 

Description of the Prior Art] The phosphoric-acid form fuel cell of the laminating type which used the 
phosphoric acid as the electrolyte is known (JP,63-318075,A, JP,63-24561,A, JP,60-230366,A, JP,60- 
20471,A, JP,57-19981,A, etc.). For example, drawing 13 is the decomposition perspective view of the 
layered product of such a conventional laminating type phosphoric-acid form fuel cell, and is set to 
drawing. The cell which found both sides of matrix la into which the phosphoric acid with which 1 
becomes an electrolyte was infiltrated by air electrode lb as an electrode, and fuel electrode lc, It is the 
layered product to which 2 has level transverse groove-like airstream way 2a as a gas passageway in a 
whole surface side, and the ribbed separator of both quirks with level fluting-like fuel gas passage 2b 
and 3, on the other hand, carried out two or more laminatings of a cell 1 and the ribbed separator 2 to the 
side by turns as a gas passageway. 

[0003] Drawing 14 is the expanded sectional view of the above-mentioned ribbed separator 2, and is set 
to drawing The porous carbon plate with which 10 has gas permeability, and 1 1 have vapor-liquid seal 
nature. The substantia-compacta carbon plate inserted with the porous carbon plates 10 and 10 of a pair, 
The rib with which R is formed in the external surface side of the porous carbon plate 10 as an object for 
fuel gas passage 2b as an object for airstream way 2a, and Rl are the seal ribs with which the seal 
processing for preventing leak of the vapor-liquid from the both-sides side of the porous carbon plate 10 
was made. Since the board thickness of the substantia-compacta carbon plate 1 1 is usually 0.4- 1.0mm 
here and the board thickness of the porous carbon plate 10 is usually 1 .0-2.0mm, the thickness of the 
ribbed separator 2 whole is set to 2.4-5.0mm. Moreover, since the height of Rib R is usually about 0.5- 
1 .5mm, the reserved meat thickness for a slot of the porous carbon plate 10 is set to about 0.5mm. 
[0004] Actuation of this laminating type phosphoric-acid form fuel cell is explained below, air supplies 
airstream way 2a of a ribbed separator 2 through the gas header (not shown) prepared in the side face of 
a layered product 3 in the generation of electrical energy ~ having ~ fuel gas passage 2b ~ hydrogen ~ 
rich fuel gas is supplied. And this air and fuel gas reach air electrode lb of a cell 1, and fuel electrode 
lc, respectively, diffusing the inside of the porous carbon plate 10 of direct or a ribbed separator 2, and 
cause a reaction under each catalyst. While the hydrogen ion generated in fuel electrode lc at that time 
moves in the inside of matrix la and reaching to air electrode lb, the electron generated in fuel electrode 
lc reaches to air electrode lb of the next cell 1 through the conductive ribbed separator 2, and water is 
made to generate by this air electrode lb. And electromotive force occurs for every cell at this time, and 
only the electromotive force which multiplied the electromotive force of a cell 1 by the number of cells 
1 occurs in the layered product 3 whole. 

[0005] In this case, although it has work that a through electron does not let only a hydrogen ion pass, 
according to an operation of the phosphoric acid whose matrix la is an electrolyte, the phosphoric acid 
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in this matrix la is taken out out of a fuel cell subsystem in part at the time of evaporation of the 
generated water etc., and serves as insufficient feeling. For this reason, if the phosphoric acid is 
beforehand stored all over the opening of the porous carbon plate 10 of a ribbed separator 2 and 
phosphoric acids run short by the matrix la side, this phosphoric acid is continuously supplied from the 
porous carbon plate 10 side of a ribbed separator 2. Moreover, although heat occurs in cell 1 grade by 
the electromotive loss at the time of a generation of electrical energy and it is going to raise the 
temperature in a fuel cell subsystem, this heat passes along a ribbed separator 2, is transmitted to the 
cooling system (not shown) arranged for every number cell, and is collected from there outside. 
[0006] While a laminating type phosphoric-acid form fuel cell has conductivity and high thermal 
conductivity nature to a ribbed separator 2 in order to operate as mentioned above, it is required that it 
should have thermal resistance and a phosphoric-acid-proof corrosive. And it is required for the 
substantia-compacta carbon plate 1 1 of a ribbed separator 2 with high vapor-liquid seal nature and high 
intensity that thinning should be possible, and it is required especially that gas permeability and 
phosphoric-acid keeping should be good for the porous carbon plate 10 of a ribbed separator 2 For tins 
reason, the amorphous carbon ingredient (for example, SG series by Showa Denko K.K. and the GCR 
series by Kobe Steel, Ltd. correspond to this) called common-name glassy carbon is conventionally used 
for the s'ubstantia-compacta carbon plate 1 1 by the thickness which is about 0.4-0.W To the por^ 
carbon plate 10, a pitch system or a PAN system, Or the carbon ingredient (for example, the KES : ser es 
by Kureha Chemical Industry Co., Ltd. and the TOP series by Toray Industries, Inc. correspond to tins) 
calcinated after mixing and fabricating other fiber and thermosetting resin is used by the thickness which 

[0007]Now, when the operation of the ribbed separator 2 which consists of a porous carbon ^plate =10 
and a substantia-compacta carbon plate 11 is classified, the porous carbon plate lOand the ^bstento - 
compacta carbon plate 1 1 are used as an independent member, and there is the approach of carrying out 
the laminating of what joined or unified beforehand the approach of carrying out the laminating 
feparS * Z time of assembly, and two porous carbon plates 10 and 10 and one substantia-compacta 

mfo°8] Tothe 1 approach of joining or unifying, the porous carbon plate 10 and the substantia-compacta 
carbon plate 1 1 here A : The junction approach which applies cement to what baking ended, 
reteclivet, pressurizes and Lat-treatsThis etc. after that, and is stuck, B : The unification approach of 
nressurizing and calcinating this etc. after applying thermosetting resin to what baking ended, 
reSeXely md sticking fton it, and after C:one side or both sides pressurizes the things non-calcinated 
(thTso^caUed C^een condition is said) and sticks, there is the unification approach of calcinating this etc. 

However, since a difference is in whenever [ coefficient-of-linear-expansion elastic-coefficient and 
contraction ] between the porous carbon plate 10 and the substantia-compacta carbon plate 1 in fact, 
the unification approach of A and B is difficult, and many junction approaches of C are ado P te£ \ 
0009] By the approach of Above C, the admixture of a fluororesin system or this, and a carbon ^atenal 
etc is used from a viewpoint of the ingredient which has phosphoric-acid-proof nature as cement. And 
aL appbying this cenTnt to the front face of the substantia-compacta carbon plate 1 1 thinly and drying, 
on both P sides 8 of this substantia-compacta carbon plate 1 1 , il t pressurizes with 2 
10 and 10 the temperature up of this etc. is carried out to 300-400 degrees C, and the ribbed separator 2 
a! > l zygote is ^manufactured. In addition, the ribbed separator of a piece quirk should just join similarly 
one porous carbon plate 10 and one substantia-compacta carbon plate 1 1 . 

KL(s) to be Solved by the Invention] However, when it constitutes a ribbed separator 2 from two 
porous carbon plates 10 and one substantia-compacta carbon plate 1 1 which became independent 
LTately there is a merit that it is not necessary to join this etc. beforehand and manufacture cost is 
S but since the count of a part laminating increases, the technical problem that the rise of 
Si cost will be caused occurs. Moreover, in order to have to carry out te*™^*** loW 
porous carbon plate 10 of plate rigidity which carried out recessing m this case independently, the 
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technical problem that it is easy to produce breakage is in this porous carbon plate 10 at the time of 
handling For this reason, a skilled craftsman's handicraft must perform the laminating of the porous 
carbon plate 10 and the technical problem that the rise of that part assembly cost will be caused also 
occurs In addition, although heavy-gage-izing and densification can be considered I to aim at 
improvement in plate rigidity of the porous carbon plate 10, this is not contrary and appropriate to the 
conductive and thermally conductive improvement required of the porous carbon plate 10, or the 
improvement in gas permeability while it is contrary to miniaturization of a cell. 
rOOlll Moreover, in carrying out the laminating of the porous carbon plate 10 or the substantia- 
compacta carbon plate 1 1 separately, corresponding to the planar pressure relaxation by planar pressure 
distribution and creep deformation of a layered product 3, it is easy to produce big electric resistance and 
thermal resistance into a contact part locally, and the technical problem that a battery life will be 

mof^rOn^other hand, when two porous carbon plates 10 and one substantia-compacta carbon plate 
1 1 are joined in one and it constitutes a ribbed separator 2 Although there is naturally a demerit of it 
being necessary to the above-mentioned case to do the junction activity of this etc on the merit that the 
count of a laminating decreases sharply in the assembly of a layered product 3, beforehand and causing 
the rise of manufacture cost In order to use fluororesin as cement especially in this case, m the part (part 
to which the porous carbon plate 10 and the substantia-compacta carbon plate 1 1 are not completely 
close) whose junction condition is not good, the technical problem that that conductivity and thermal 
conductivity will fall occurs. Moreover, even if electric resistance and thermal resistance have become 
below the allowed value as the one whole zygote, since it is large, dispersion in a plane of compoaitoon 
has in fact the technical problem that this dispersion will also affect the way and temperature distribution 
to which the current within a cell 1 flows, and will finally have a bad influence on the property of a cell 
1 or the generating efficiency of a cell. 

[00131 Furthermore, although it is necessary injunction to heat to the temperature which can fuse 
fluororesin, since the temperature distribution within the plate surface at the time of heating affect 
bonding strength as it is, there is an inclination heated from need temperature to high temperature^ For 
this reason, a part of fluororesin evaporates, it is spread in the porous carbon plate 10 a carbon fiber 
front face is covered, and the technical problem that the phosphoric-acid keeping of the porous carbon 
plate 10 will worsen occurs. , 
[0014] Moreover, when joining a ribbed separator 2 and really considering as a 
with this ribbed separator 2, contact or a junction part is generated about both sides of the substantia- 
compacta carbon plate 1 1, and the technical problem that electric resistance and thermal resistance will 
be"r P eatly increased in this part occurs. And in the layered product 3 whole, since contact or the junction 
part of this ribbed separator 2 serves as an immense number, it has the technical problem tha this etc. 
has a bad influence on the generating efficiency of a fuel cell, or cooling of a layered product 3. 
[0015] It aims at offering the ribbed separator for fuel cells which can aim at ^^ZZ^Lnd 
cost while this invention can be made, and can fulfill the engine performance and qual ^ dammded 
can stop electric resistance and thermal resistance small, m order to solve the above tecbnic^btos. 
Zeover, this invention aims at offering the manufacture approach of the ribbed separator fa fuel cells 
that the ribbed separator for the above-mentioned fuel cells can be manufactured with the sufficient 
yield by low cost. 

E for Solving the Problem] In the ribbed separator for fuel cells with which the laminating of the 
nvention of the 1st of this invention is carried out to the both sides holding an electrolyte « a matrix by 
urns r a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed m those both 
Sfes tL Ingredient is really with the substantia-compacta carbon layer which is thin and has seal nature 
n the whole surface side of the porous carbon layer of fixed thickness constituted from two formal 
inclination carbon plates, and it is the thing of each porous carbon layer of two porous carbon plates 
currently formed in a side on the other hand about the rib for the gas Passagewaies. 
[0017] In the manufacture approach of the ribbed separator for fuel cells that the laminating of the 
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invention of the 2nd of this invention is carried out to the both sides holding an electrolyte of a matrix 
by turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed in those 
both sides The 1st process which manufactures the porous carbon plate of the fixed thickness which has 
a rib for gas passagewaies in a whole surface side, It is having the 2nd process of a porous carbon plate 
which, on the other hand, forms the thin film of thermosetting resin in a side, and the 3rd process which 
heat-treats the porous carbon plate with which the thin film's was formed, and changes a thin film into a 
substantia-compacta carbon layer with seal nature. 

[0018] In the ribbed separator for fuel cells with which the laminating of the invention of the 3rd ot this 
invention is carried out to the both sides holding an electrolyte of a matrix by turns [ a cell and by turns ] 
with an electrode, and the rib for gas passagewaies is formed in those both sides It is really with the 
substantia-compacta carbon layer which is thin and has seal nature between the porous carbon layers of 
the pair of fixed thickness constituting the ingredient from a formal inclination carbon plate, and 
forming the rib for the gas passagewaies in both the external surface side of the porous carbon layer of 
an inclination carbon plate. , 
[0019] In the manufacture approach of the ribbed separator for fuel cells that the laminating ot the 
invention of the 4th of this invention is carried out to the both sides holding an electrolyte of a matrix by 
turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both 
sides The 1st process which manufactures the porous carbon plate of the fixed thickness which has a rib 
for gas passagewaies in a whole surface side, It is having the 2nd process of a porous carbon plate 
which on the other hand, forms the thin film of thermosetting resin in a side, and the 3rd process which 
changes the thin film sides of the porous carbon plate of a pair with which the thin film's was formed 
into the superposition and substantia-compacta carbon layer which has seal nature in a thin film while 
heat-treating and unifying this etc. . 
[0020] In the ribbed separator for fuel cells with which the laminating of the invention of the 5th ot this 
invention is carried out to the both sides holding an electrolyte of a matrix by turns [ a cell and by turns ] 
with an electrode, and the rib for gas passagewaies is formed in those both sides The ingredient is really 
with the substantia-compacta carbon layer which is thin and has seal nature in the whole surface side ot 
the porous carbon layer of fixed thickness constituted from two formal inclination carbon plates. It is 
forming the rib for the quantities of gas flow in both the external surface side of the porous carbon layer 
of two inclination carbon plates which joined substantia-compacta carbon layer sides and were unified. 
[0021] In the manufacture approach of the ribbed separator for fuel cells that the laminating of the 
invention of the 6th of this invention is carried out to the both sides holding an electrolyte of a matrix by 
turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both 
sides The 1st process which manufactures the porous carbon plate of the fixed thickness which has a nb 
for gas passagewaies in a whole surface side, The 2nd process of a porous carbon plate which, on the 
other hand, forms the thin film of thermosetting resin in a side, It is having the 3rd process which heat- 
treats the porous carbon plate with which the thin film's was formed, and changes a thin film into a 
substantia-compacta carbon layer with seal nature, and the 4th process which joins the substantia- 
compacta carbon layer sides of the porous carbon plate of a pair with which the substantia-compacta 
carbon layer's was formed, and is unified. , 
[0022] In the ribbed separator for fuel cells with which the laminating of the invention ot the 7th ot this 
invention is carried out to the both sides holding an electrolyte of a matrix by turns [ a cell and by turns ] 
with an electrode, and the rib for gas passagewaies is formed in those both sides The ingredient really 
with the substantia-compacta carbon layer which is thin and has seal nature in the whole surface side of 
the porous carbon layer of fixed thickness Two formal inclination carbon plates, It is constituting from a 
carbon plate with thin reinforcement, and forming the rib for quantities of gas flow in porous carbon 
****** external surface, although the carbon plate's was inserted by the substantia-compacta carbon 
layer sides of two inclination carbon plates and coalesce junction was carried out. 
[0023] In the manufacture approach of the ribbed separator for fuel cells that the laminating ot the 
invention of the 8th of this invention is carried out to the both sides holding an electrolyte of a matrix by 
turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both 
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sides The 1st process which manufactures the porous carbon plate of the fixed thickness which has a rib 
for gas passagewaies in a whole surface side, The 2nd process of a porous carbon plate which, on the 
other hand, forms the thin film of thermosetting resin in a side, The 3rd process which heat-treats the 
porous carbon plate with which the thin film was formed, and changes a thin film into a substantia- 
compacta carbon layer with seal nature, It is having the 4th process which sandwiches a carbon plate 
with thin reinforcement by the substantia-compacta carbon layer sides of the porous carbon plate ot a 
pair with which the substantia-compacta carbon layer's was formed, joins, and unifies this etc. 

[Function] In invention of the 1st of this invention, a ribbed separator is obtained by piling up two 
inclination carbon plates (henceforth a half separator) with which the rib for gas passagewaies was 
formed in the porous carbon layer side. That is, since this half separator really which has the substantia- 
compacta carbon layer which is thin and has seal nature in the 1 side of a porous carbon layer consists of 
formal inclination carbon plates, a ribbed separator is obtained by piling up the mutual two substantia- 
compacta carbon layer side of a half separator. Moreover, since a ribbed separator is formed with the 
half separator of two sheets, only one place becomes easy [ the laminating activity ], even when it forms 
a layered product with a cell, while there is no contact part and it can stop electric resistance and thermal 
resistance small. Furthermore, since the half separator 20 has the substantia-compacta carbon layer 
improvement in simple substance reinforcement can be aimed at, and reduction of the breakage at the 
time of handling is achieved. ,, 
[0025] the porous carbon plate of fixed thickness with the rib for [ at the 1 st process / to a whole surface 
side ] gas passagewaies by invention of the 2nd of this invention - manufacturing --the 2nd process - 
this porous carbon plate - on the other hand, the thin film of thermosetting resin is formed in a side. 
And the porous carbon plate with which the thin film was formed at the 3rd process is heat-treated, and 
this thin film is changed into a substantia-compacta carbon layer with seal nature. That is, the halt 
separator concerning the 1 st invention is manufactured according to processes such as Ihis At 
processes, such as this, a thin substantia-compacta carbon layer cannot be divided and can be formed m 
the 1 side of a porous carbon plate. . 
[0026] In invention of the 3rd of this invention, the ribbed separator is formed by forming the rib for gas 
Passagewaies in the external surface side of the porous carbon layer which it has on both sides of an 
inclination carbon plate. Since the inclination carbon plate in this case has in one the substantia- 
compacta carbon layer which is thin and has seal nature between the porous carbon layers of the pair ot 
fixed thickness, if the rib for gas passagewaies is formed in those both sides, it wi 1 serve as a ribbed 
separator. It becomes still easier [ the laminating activity in the case of forming a layered product while 
a contact part cannot be generated but it can lower electric resistance and thermal resistance from the 
ribbed separator of the 1st invention at the time of a laminating, since this ribbed separator is really a 
formal thine Moreover, the breakage at the time of handling can also be reduced further. 
[00271 In invention of the 4th of this invention, although the 1st process and 2nd process are the same as 
that of it of the 2nd invention, it is the 3rd process and said thin film sides of the porous carbon plate of 
a pair with which the thin film was formed are changed into superposition and the substantia-compacta 
carbon layer which has seal nature in said thin film while heat-treating and unifying these. ThaUs the 
ribbed separator 2 concerning the 3rd invention is manufactured according to these processes. At these 
processes, between the porous carbon plates of a pair, a thin substantia-compacta carbon layer cannot be 

divided and can be formed. . f t « 

[0028] It is the case where joined the substantia-compacta carbon layer side of the halt separator ot the 
pair which starts the 1st invention in a ribbed separator, and it constitutes from invention of the 5th of 
this invention in one, and from the case of the ribbed separator of the 1st invention the aminating 
activity in the case of forming a layered product becomes easy, and the breakage at the time of handling 

ra029]7n^ 6th of this invention, the 1st process to the 3rd process is the same as that of it 

of the 2nd invention, at the 4th process, the substantia-compacta carbon layer ^ ^ ^^sq^ar 
of a pair is joined, and the ribbed separator of a junction type is obtained. That is, the ribbed separator 
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which starts the 5th invention according to these processes is manufactured. 

[0030] By inserting the carbon plate which is thin and has reinforcement in invention of the 7th of this 
invention between substantia-compacta carbon layer the half separator of the pair concerning the 1st 
invention sides, joining, and making three persons coalesce in one, it is the case where a ribbed separator 
is formed, and from the case of the ribbed separator of the 5th invention, that reinforcement is raised and 
further prevention of the breakage at the time of handling is achieved. 

[0031] In invention of the 8th of this invention, the 1st process to the 3rd process is the same as that of it 
of the 2nd invention, and at the 4th process, the carbon plate which is thin and has reinforcement is 
inserted, it joins to the substantia-compacta carbon layer side of the half separator of a pair, and the 
ribbed separator of a junction type is obtained. That is, the ribbed separator which starts the 7th 
invention according to these processes is manufactured. 
[0032] 

[Example] Hereafter, the example of this invention is explained about drawing, 
example 1 -- one example of the ribbed separator for fuel cells concerning the 1st invention of this 
invention is explained with reference to drawing 1 thru/or drawin g.! . Drawing ! is [ the partial sectional 
view of a ribbed separator and drawing 3 of the partial perspective view of the layered product of a 
laminating type phosphoric-acid form fuel cell and drawing ! ] the sectional views of an inclination 
carbon plate. In addition, the same sign is given to the same as that of the layered product of the 
conventional laminating type phosphoric-acid form fuel cell shown by drawing 13 , or a considerable 
part, and the explanation is omitted. *■ 
[0033] In drawing, 20 is the half separator (piece quirk ribbed separator) with which Rib R was iormed 
in the whole surface side, and the half separator for air electrodes with which, as for 20A, the rib R for 
airstream way 2a was formed by the whole surface side, and 20B are the half separators for fuel gas 
electrodes with which the rib R for fuel gas passage 2b was formed in the sense which intersects 
perpendicularly with the rib R for airstream way 2a at a whole surface side. 21 is a conductive graphite 
paste applied between them, when piling up half separator 20A for air electrodes, and half separator 20B 
for fuel gas electrodes and forming a ribbed separator 2. 

[0034] As the half separator 20 is shown by drawing 3 , the ingredient consists of inclination carbon 
plates 30 of an one form with a thickness of 1 .5mm with the substantia-compacta carbon layer 41 which 
has 100-200-micrometer thin vapor-liquid seal nature at the whole surface side of the porous carbon 
layer 40 with the permeability of predetermined thickness, and the rib R is formed in the field by the 
side of the porous carbon layer 40 in height of 1mm. since [ in addition, ] that reserved meat thickness is 
set to 0.5mm in this case - the trough of Rib R ~ up to the substantia-compacta carbon layer 41 ~ pile 
****__ there are nothings. And the ribbed separator 2 with a thickness of 3mm is formed by piling up 
the substantia-compacta carbon layer 41 side faces of two half separators 20 A and 20B through the 
graphite paste 21 . In addition, the rib R of the both sides of the half separator 20 is the seal rib Rl with 
which gas-seal processing was made. 

[0035] Actuation of ribbed separator 2A which doubles two half separators 20 A and 20B which consist 
of this inclination carbon plate 30 next, and is formed is explained. Since the half separator 20 consists 
of inclination carbon plates 30 which consist of a porous carbon layer 40 and a substantia-compacta 
carbon layer 41, it has all the engine performance and quality of the porous carbon plate 10 which 
constitutes the conventional ribbed separator 2, and the substantia-compacta carbon plate 1 1 on the 
property Therefore, the ribbed separator 2 which piles up this half separator 20A for air electrodes and 
half separator 20B for fuel gas electrodes through the graphite paste 2 1 , and is formed has the same 
function as the conventional ribbed separator 2, and the actuation of it at the time of that generation ot 
electrical energy is the same as that of the conventional ribbed separator 2. 

[0036] ******** an d tne conventional ribbed separator 2 consist of three components of two porous 
carbon plates 10 and 10 and one substantia-compacta carbon plate 11. Since the ribbed separator 2 of 
this example consists of two half separators 20A and 20B to that contact or a junction part being two 
places and there is that contact part of a, The electric resistance and thermal resistance were reduced 
remarkably and it was confirmed by the experiment that these values have become or less about 1 ot the 
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value of the conventional ribbed separator 2 / 2. Moreover, the various troubles which originate in a 
contact part with reduction of a contact part can be decreased. 

[0037] Moreover, the conventional ribbed separator 2 with which two porous carbon plates 10 and 10 
and one substantia-compacta carbon plate 11 are separately constituted independently is received. Since 
the ribbed separator 2 of this example 1 consists of two half separators 20A and 20B, while being able to 
aim at reduction of that laminating cost in the assembly of a layered product 3 Since the flexural strength 
of the half separator 20 is the part which has the substantia-compacta carbon layer 41, and twice [ more 
than ] the conventional porous carbon plate 10, breakage of the components at the time of handling can 
also be decreased sharply. Therefore, the assembly by persons other than a skilled craftsman also 
becomes possible. Furthermore, in the ribbed separator 2 of this example, it compares with the above- 
mentioned conventional ribbed separator 2, and is hard coming to generate big electric resistance and 
thermal resistance into a contact part locally corresponding to the planar pressure relaxation by the 
planar pressure distribution and creep deformation of a part and a layered product 3 whose contact part 
at the time of a laminating decreases, and a battery life can be lengthened so much. 
[0038] Moreover, two porous carbon plates 10 and 10 and one substantia-compacta carbon plate 1 1 are 
joined, to the conventional ribbed separator 2 constituted by coalescing, in the ribbed separator 2 of this 
example, since there is no junction part, the part whose junction condition is not good does not arise, and 
big dispersion arises neither in electric resistance nor thermal resistance within a ribbed separator 2. 
Furthermore, in the ribbed separator 2 of this example 1 , since there is no adhesion part, cement 
(fluordresin) is spread in the porous carbon layer 40, and does not worsen phosphoric-acid keeping of 
this porous carbon layer 40. 

[0039] Example 2. drawing 4 is drawing showing one example of the manufacture approach ot the 
ribbed separator for fuel cells concerning invention of the 2nd of this invention. Although two half 
separators 20A and 20B are piled up and the ribbed separator 2 is constituted from an example 1, this 
example 2 is related with the manufacture approach of this half separator 20. 
[0040] This manufacture approach heat-treats the porous carbon plate with which the 1st process Al 
which manufactures the porous carbon plate of the fixed thickness which has the rib R for gas 
passagewaies in a whole surface side, the 2nd process A2 of said porous carbon plate which, on the 
other hand, forms the thin film of thermosetting resin in a side, and said thin film were formed, and 
consists of the 3rd process A3 which changes said thin film into the substantia-compacta carbon layer 41 
with seal nature. 

[0041] The 1st process Al is a process which manufactures the porous carbon plate which has the rib R 
for gas passagewaies in the whole surface side known from the former (for example, the approach is 
explained by JP,59-68170,A in full detail). After mixing a short carbon fiber, a phenol resin binder, and 
an organic particulate matter at this process, for example, After heating and pressurizing this, 
considering as the mold goods of fixed thickness and calcinating these mold goods at 2000 degrees C 
after that, The porous carbon plate which has a rib for gas passagewaies in a whole surface side is 
manufactured by processing the made porous carbon material (this serving as KES-400 and the 
equivalent device for example, by Kureha Chemical Industry Co., Ltd.) into predetermined size, and 
carrying out rib processing further. In addition, configuration processing containing Rib R may be 
performed in the phase of mold goods. 

[0042] After the 2nd process A2 develops **** of thermosetting resin (for example, the poly 
carbodiimide resin by NISSHINBO INDUSTRIES, INC.) on a smooth glass plate, removes a solvent 
and obtains the thin film of thermosetting resin, it develops to the field of the side which does not have 
the rib R of the porous carbon plate which was able to do this thin film at said 1st process A 1, and it 
dries this 3rd process A3 carries out the temperature up of the porous carbon plate of the 2nd process 
A2 with which the thin film was developed and dried to the whole surface side gradually from a room 
temperature to 600 degrees C in a nitrogen ambient atmosphere, and cools it radiationally immediately 
after that A thin film is calcinated by this, and it becomes a substantia-compacta carbon layer and 
adheres to the whole surface side of a porous carbon plate in one. And seal processing of the nb R of 
both ends is carried out, and the seal rib Rl, then the half separator 20 the board thickness of whose is 
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r00431 In this case, the thickness of the substantia-compacta carbon layer formed from this thin film is 
100-200 micrometers. Since it is thin, while there is also little reduction of the opening volume of the 
porosity part of a porous carbon plate That value of the gas-seal engine performance of this substantia- 
compacta carbon layer is below 1.0x10-6 (N-cc/min/cm2) [N2 gas and differential pressure 0.2 kg/cm2 
and a room temperature], and since it is very high, a problem is not produced for the vapor-hquid seal 
engine performance of the direction of board thickness of this substantia-compacta carbon layer. In 
addition, the approach of forming thin substantia-compacta carbon material from poly carbodnmide 
resin is explained by JP,2-152167,A in full detail. , mmnc 

[0044] While the inclination carbon plate 30 from which the porous carbon plate became the porous 
carbon layer 40, and the thin film of thermosetting resin became the substantia-compacta carbon layer 
41 by the above process [ 1st, 2nd, and 3rd ] Al and A2 and A3 is manufactured, the same half separator 
20 as the half separator 20 of an example 1 with which the rib R for gas passagewaies was formed in the 
porous carbon layer 40 side of this inclination carbon plate 30 is manufactured with the sufficient yield 
by low cost In addition, half separator 20A for air electrodes and half separator 20B for fuel gas 
electrodes are separately manufactured according to the above-mentioned process in this case. 
[00451 here - substantia-compacta carbon material - manufacturing - hitting - especially contraction 
at the time of baking - large - and the compactness - securing - board thickness -- fixed thickness 
(0 4-1 0mm) - until - since it had to be made heavy-gage, it was difficult by generating of a crack to 
form a substantia-compacta carbon layer in the 1 side of porous carbon material [ finishing / baking ] 
(1 5mm) by approach like 3rd process A3. It is thought that it can form a substantia-compacta carbon 
layer small [ contraction at the time of the baking ], without producing a crack by 3rd process A3 since 
the burning temperature is comparatively as low as 600 degrees C while being able to fabricate 
?^S? g for e Lmple, poly carbodiimide resin, to light-gage (200 micrometers following) very much. 
[0046] In addition, although the poly carbodiimide resin by NISSHINBO INDUSTRIES INC. is used as 
Lnosetting reski in this example 2, if not only this but a thin substantia-compacta carbon layer can be 
Sn and formed in the 1 side of a porous carbon plate [ finishing / baking ], it is needless to say 
[ thermosetting resin ] that other things may be used. 

0047] example 3. - one example of the ribbed separator for the 3rd invention **** fuel cells of this 
nvenfion is explained with reference to drawing 5 thru/or drawing 7. Drawings is [the partial sectional 
view of a ribbed separator and drawing 7 of the partial perspective view of the layered product of a 
laminating type phosphoric-acid form fuel cell and drawing 6 ] the sectional views of an inclination 
carbon plato In addifion, the same sign is given to the same as that of the layered product of the 
laminating type phosphoric-acid form fuel cell of an example 1, or a considerable part, and the 

[5)4l^ 2 of this example 3 is 200-400 micrometers between two porous carbon 

layers 40 with [ as it was really a form thing and that ingredient was shown by drawing .7 the 
permeability of predetermined thickness, and 40. It consists of inclination carbon plates 31 of an one 
form with a thickness of 3.0mm with the substantia-compacta carbon layer 42 which has thin vapor- 
iqdd seal nature. And two or more ribs R with a height of 1mm are formed in both the external surface 
of this inclination carbon plate 31, i.e., each external surface of the porous carbon layers 40 and 40, and 
while fuel gas passage 2b is formed in one field of this inclination carbon plate 31 in the field of 
ahstream way 2a and another side, the rib R of both ends is the seal rib Rl with which gas-seal 

KthSrwhUe really having the engine performance and the quality as the conventional ribbed 
eparator 2 which consists of this inclination carbon plate 3 1 also w th the same formal ribbed separator 
2 it has the same function. Moreover, since there is no contact part in that interior since his ribbed 
Eparator 2 consists of one simple substance, and there is no increase of the electric resistance m l 4ns 
part or thermal resistance, that electric resistance and thermal resistance have become 1/10 or less [ of 
fhfconventional ribbed separator 2 ], Furthermore, since the ribbed separator 2 of an example 1 does not 
have a contact part, other various troubles resulting from this contact part do not produce it. 
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[00501 Moreover, it is unnecessary, and can also aim at reduction of that part manufacture cos while it 
can aim X reduction of that laminating cost compared with the ribbed separator 2 of an example 1 since 
hTribbed separator 2 of this example 3 consists of one simple substance^ [ of the graphtte paste 21 ] 
Furthermore, that the vapor-liquid seal nature of the ribbed separator of an t example 3, flexural 
strength, and the opening volume of a porosity part are equivalent to the ribbed separator 2 of an 
example 1 or having the engine performance beyond it are checked m the evaluation test. 
ro05n Example 4 drawing^ is drawing showing one example of the manufacture approach of the 
ribbed sepanTr fe foeUdis concerning invention of the 4th of this invention. This example 4 is related 
with the manufacture approach of the ribbed separator 2 of the one form of an example 3. 
TO^The 1st process B l at which this manufacture approach manufactures the porous^ carbon plate of 
L fixea thickness which has the rib R for gas passagewaies in a whole surface side, While piling up 
and heat-treating said thin film sides of the porous carbon plate of a pair with which said Mm*as 
formed and uniting these with 2nd process B-2 of said porous carbon plate which, on the other hand, 
Steto fita f of thermosetting resin in a side It consists of the 3rd process B3 which changes said 
thin film into a substantia-compacta carbon layer with seal nature. 

0053 Since the 1st process Bl and 2nd process B-2 are the same as that of the 1st process Al of an 
example 2 and the 2nd process A2 respectively, the explanation is omitted. At the 3rd process B3 as 
ZZn filmtare set, immediately after piling up the porous carbon plate formed in the whole surface 
*L by 2nd process B-2 of the pair by which the thin film was developed and dried, in a nitrogen 
ambient7tm P 0S phere, from a room temperature to 600 degrees C, the temperature up of these is carried 
out gmdually, and they are cooled radiationally after that. While a thin film is calcinated by his, 
blming a substantia-compacta carbon layer at the whole surface side of a porous carbon ptate^d 
adhering in one, substantia-compacta carbon layers coalesce. And seal processing of the P^™™ d 
rib R of this unified carbon plate is carried out, and the seal rib Rl , then the ribbed separator 2 that board 
thickness of whose is 3.0mm are completed. 

0054] WhUe the inclination carbon plate 3 1 from which two porous carbon plates became ^he : porous 
carbon lavers 40 and 40 of a pair, and the thin film of two thermosetting resin became the substantia- 
™™l«I™Z2ycr42 by the above processes [ 1st, 2nd, and 3rd ] Bl, B-2 i, and B3 is man ufactured 
ThTsante ribS Separator 2 as the ribbed separator 2 of an example 3 with which the nb R for gas 
Sl^aS^Sed in the external surface side of the porous carbon layers 40 and 40 of the pair 
EST caTon plate 3 1 is manufactured with the sufficient yield by low ^In*^ 
this case the sense of the rib R by the side of one field of the inclination carbon plate 31 and the sense 
oT he rib R by the sMe of the field of another side lie at right angles, airstream way 2a is. formed im one 
fieS s[de of the inclination carbon plate 31, and fuel gas passage 2b is formed in the field side of another 

r00551 Example 5 drawing 9 is drawing showing one example of the ribbed separator for fuel cells 
conce iS^tion^f&e 5th of this invention. The ribbed separator 2 of this example 5 joins the 
m^SS^pacta carbon layer 41 sides of half separator 20A for air electrodes of an example 
7Z iSf SatS for fuel gas electrodes through the heat-resistant adhesive* 22 of entering 
l^thtL S^ ] a graphite (for example, thermostat cement by the British salmon company 
[ZTmdt unified in addition, the thickness of this ribbed separator 2 - the thickness ot the half 
SpLTors 20A S 20B - respectively - 1 .5mm - it is - the thickness of the heat-resistant adhesives 

thfribbed Sparator 2 of a part to have joined and unified while being able to acquire the same 
^^S^ZJ^b^ 2 of an example 1, and an example 1, since the ribbed separator 2 
of this example 5 joins the half separators 20A and 20B of the pair of an examp e 1 j^^j^ 
T00571 In addition the thing is [ that what is necessary is just what does not spoil not only this but a 
ES^^i but ha! thermal resistance ] natural although the thermostat cement by the British 
salmon company is used as heat-resistant adhesives 22 m this example 5. 

[S] Example 6. drawingJO is drawing showing one example of the manufacture approach of the 
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ribbed separator for fuel cells concerning invention of the 6th of this invention. This example 6 is related 
with the manufacture approach of the ribbed separator of the junction type of an example 5. 
[0059] The 1st process CI at which this manufacture approach manufactures the porous carbon plate of 
the fixed thickness which has the rib R for gas passagewaies in a whole surface side, The 2nd process 
C2 of said porous carbon plate which, on the other hand, forms the thin film of thermosetting resin m a 
side The 3rd process C3 which heat-treats the porous carbon plate with which said thin film was 
formed, and changes said thin film into a substantia-compacta carbon layer with seal nature, It consists 
of the 4th process C4 which joins said substantia-compacta carbon layer sides of the porous carbon plate 
of a pair with which said substantia-compacta carbon layer 4 1 was formed, and is unified. 
[0060] Since the 1st process CI to the 3rd process C3 is the same as that of the 1st process A 1 of an 
example 2 to 3rd process A3 respectively, the explanation is omitted. After an organic solvent washes 
the field by the side of [ mutual ] the substantia-compacta carbon layer 41 of half separator 20A for air 
electrodes and half separator 20B for fuel gas electrodes which were set and done by the 3rd process C3 
at the 4th process C4, The heat-resistant adhesives 22 of entering [ which has conductivity in this field ] 
a graphite are applied to homogeneity, and two half separators 20A and 20B in all are mutually stuck for 
these spreading sides. After that, the temperature up of these is carried out, they are heat-treated to 250- 
300 degrees C, after 2-hour heating, at 80 degrees C, with fixed planar pressure applied, and these two 
half separators 20A and 20B are joined. 

[0061] The ribbed separator 2 to which two half separators 20A and 20B were joined is manufactured by 
low cost from the yield according to the above process [ 1st, 2nd, 3rd, and 4th ] CI, C2, C3 and C4. 
[0062] Example 7. drawing 11 is drawing showing one example of the ribbed separator for fuel cells 
concerning invention of the 7th of this invention. The ribbed separator 2 of this example 7 is 
comparatively precise, sandwiches the thin carbon plate 23 (for example, amorphous new carbon film by 
NISSHINBO INDUSTRIES, INC.) with reinforcement by the mutual substantia-compacta carbon layer 
41 side of half separator 20 A for air electrodes of an example 1, and half separator 20B for fuel gas 
electrodes through the heat-resistant adhesives 22, joins these and unifies, in addition, the thickness of 
this ribbed separator 2 - the thickness of the half separators 20A and 20B - respectively ~ the thickness 
of 1 5mm and the carbon plate 23 - 200 micrometers the thickness of the heat-resistant adhesives 22 by 
the side of both sides of the carbon plate 23 - respectively - 100 micrometers it is - a sake - 3.4mm - 
becoming . . . , 

[00631 Although the ribbed separator 2 of this example 7 joins three members and it unities, in order to 
insert the carbon plate 23 with the half separators 20A and 20B, flexural strength is strong and electric 
resistance and thermal resistance also become small compared with the ribbed separator 2 of the 
conventional comparable thickness on the property of the half separators 20A and 20B which consist of 
inclination carbon plates 30. Of course, reduction of laminating cost can also be aimed at. 
[0064] In addition, although the amorphous new carbon film by NISSHINBO INDUSTRIES, INC. is 
used as a carbon plate 23 in this example 7, the thing of ** may be used as long as it is the substantia 
compacta not only in this but in high intensity. 

[0065] Example 8. drawing 12 is drawing showing one example of the manufacture approach ot the 
ribbed separator for fuel cells concerning invention of the 8th of this invention. This example 8 is related 
with the manufacture approach of the ribbed separator of the junction type of an example 7. 
[0066] The 1st process Dl at which this manufacture approach manufactures the porous carbon plate of 
the fixed thickness which has the rib R for gas passagewaies in a whole surface side, The 2nd process 
D2 of said porous carbon plate which, on the other hand, forms the thin film of thermosetting resin m a 
side The 3rd process D3 which heat-treats the porous carbon plate with which said thm film was 
formed and changes said thin film into a substantia-compacta carbon layer with seal nature, The carbon 
plate 23 with thin reinforcement is inserted by the substantia-compacta carbon layer sides of the porous 
carbon plate of a pair with which said substantia-compacta carbon layer was formed, and it joins, and 
consists of the 4th process D4 which unifies these. 

[0067] Since the 1st process Dl to the 3rd process D3 is the same as that of the 1st process A 1 of an 
example 2 to 3rd process A3 respectively, the explanation is omitted. The field by the side of [ mutual ] 
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the substantia-compacta carbon layer 41 of half separator 20A for air electrodes and half separator 20B 
for fuel gas electrodes which were set and done by the 3rd process D3 at the 4th process D4, And after 
an organic solvent washes both sides of the carbon plate 23 which is thin and has reinforcement the 
heat-resistant adhesives 22 are applied to homogeneity in these fields, and two half separators 20A and 
20B in all and carbon plates 23 of each other are stuck for these spreading sides. Then, at 80 degrees L, 
a temperature up is carried out to 250-300 degrees C after 2-hour heating, it heat-treats, applying fixed 
planar pressure for these, and these two half separators 20A and 20B are joined. 
[0068] The ribbed separator 2 to which the carbon plate 23 was joined between two half separators 20A 
and 20B is manufactured by low cost from the yield according to the above process [ 1st, 2nd, 3rd, and 
4th]Dl,D2, D3, andD4. 

[Effect of the Invention] Since this invention is constituted as mentioned above, it does so effectiveness 
which is indicated below. . . 

[0070] In the ribbed separator for fuel cells with which according to invention of the 1 st ot this 
invention a laminating is carried out to the both sides holding an electrolyte of a matrix by turns [ a cell 
and by turns ] with an electrode, and the rib for gas passagewaies is formed m those both sides The 
ingredient is really with the substantia-compacta carbon layer which is thin and has seal nature m the 
whole surface side of the porous carbon layer of fixed thickness constituted from two formal inclination 
carbon plates. Since [ of each porous carbon layer of two porous carbon plates ] it forms m a side on the 
other hand where the engine performance and quality are fulfilled for the rib for those gas 
passagewaies, the electric resistance and thermal resistance of this ribbed separator can be stopped 
small, and reduction of laminating cost can be aimed at. 

[00711 In the manufacture approach of the ribbed separator for fuel cells that according to invention ot 
the 2nd of this invention a laminating is carried out to the both sides holding ** and an electrolyte ot a 
matrix by turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed m 
those both sides The 1st process which manufactures the porous carbon plate of the fixed thickness 
which has a rib for gas passagewaies in a whole surface side, Since it has the 2nd process of a porous 
carbon plate which, on the other hand, forms the thin film of thermosetting resin m a side and the 3rd 
process which heat-treats the porous carbon plate with which the thin film was formed, and changes a 
thin film into a substantia-compacta carbon layer with seal nature, The ribbed separator concerning the 
1 st invention can be manufactured with the sufficient yield by low cost. 
[00721 In the ribbed separator for fuel cells with which according to invention of the 3rd ot this 
invention a laminating is carried out to the both sides holding an electrolyte of a matrix by turns [ a cell 
and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both sides Since the 
ingredient is really with the substantia-compacta carbon layer which is thin and has seal nature between 
the porous carbon layers of the pair of fixed thickness constituted from a formal inclination carbon plate 
and the rib for the gas passagewaies is formed in both the external surface side of the porous carbon 
layer of an inclination carbon plate, In this ribbed separator, electric resistance and thermal resistance 
a be stopped still smaller from the ribbed separator concerning the 1st invention, and further reduction 



can b 



of laminating cost can be aimed at 
[00731 In the manufacture approach of the ribbed separator for fuel cells that according to invention of 
the 4th of this invention a laminating is carried out to the both sides holding an electrolyte of a matrix by 
turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed m those both 
sides The 1st process which manufactures the porous carbon plate of the fixed thickness which has a rib 
for gas passagewaies in a whole surface side, While piling up and heat-treating the thin film sides of the 
porous carbon plate of a pair with which the thin film was formed and uniting these with the 2nd process 
of a porous carbon plate which, on the other hand, forms the thin film of thermosetting resin in a side 
Since it has the 3rd process which changes a thin film into a substantia-compacta carbon layer with seal 
nature, the yield is good and the ribbed separator concerning the 3rd invention can be manufactured by 

[0074] In the ribbed separator for fuel cells with which according to invention of the 5th of this 
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invention a laminating is carried out to the both sides holding an electrolyte of a matrix by turns [ a cell 
and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both sides The 
ingredient is really with the substantia-compacta carbon layer which is thin and has seal nature in the 
whole surface side of the porous carbon layer of fixed thickness constituted from two formal inclination 
carbon plates. Since the rib for the quantities of gas flow is formed in both the external surface side of 
the porous carbon layer of two inclination carbon plates which joined substantia-compacta carbon layer 
sides and were unified, In this ribbed separator, while being able to have the same effectiveness as the 
ribbed separator concerning the 1st invention, reduction of laminating cost can be aimed at from the 
ribbed separator concerning this 1 st invention. 

[0075] In the manufacture approach of the ribbed separator for fuel cells that according to invention ot 
the 6th of this invention a laminating is carried out to the both sides holding an electrolyte of a matrix by 
turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both 
sides The 1st process which manufactures the porous carbon plate of the fixed thickness which has a rib 
for gas passagewaies in a whole surface side, The 2nd process of a porous carbon plate which, on the 
other hand, forms the thin film of thermosetting resin in a side, The 3rd process which heat-treats the 
porous carbon plate with which the thin film was formed, and changes a thin film into a substantia- 
compacta carbon layer with seal nature, Since it has the 4th process which joins the substantia-compacta 
carbon layer sides of two porous carbon plates with which the substantia-compacta carbon layer was 
formed, and is unified, the yield is good and the ribbed separator concerning the 5th invention can be 
manufactured by low cost. _ 
[0076] In the ribbed separator for fuel cells with which according to invention ot the 7th ot this 
invention a laminating is carried out to the both sides holding an electrolyte of a matrix by turns [ a cell 
and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both sides The 
ingredient really with the substantia-compacta carbon layer which is thin and has seal nature m the 
whole surface side of the porous carbon layer of fixed thickness Two formal inclination carbon plates, 
Although the carbon plate was inserted by the substantia-compacta carbon layer sides of two inclination 
carbon plates and coalesce junction was carried out, since it constitutes from a carbon plate with thin 
reinforcement, and the rib for quantities of gas flow is formed in porous carbon ****** external surface, 
The reinforcement of the simple substance of a ribbed separator can be raised, and reduction of 
laminating cost can be aimed at. 

[0077] In the manufacture approach of the ribbed separator for fuel cells that according to invention ot 
the 8th of this invention a laminating is carried out to the both sides holding an electrolyte of a matrix by 
turns [ a cell and by turns ] with an electrode, and the rib for gas passagewaies is formed in those both 
sides The 1st process which manufactures the porous carbon plate of the fixed thickness which has a nb 
for gas passagewaies in a whole surface side, The 2nd process of a porous carbon plate which, on the 
other hand, forms the thin film of thermosetting resin in a side, The 3rd process which heat-treats the 
porous carbon plate with which the thin film was formed, and changes a thin film into a substantia- 
compacta carbon layer with seal nature, A carbon plate with thin reinforcement is inserted by the 
substantia-compacta carbon layer sides of two porous carbon plates with which the substantia-compacta 
carbon layer was formed, and it joins, and since it has the 4th process which unifies these, the yield is 
good and the ribbed separator concerning the 7th invention can be manufactured by low cost. 



[Translation done.] 
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